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(54) Multicarrier transmitter or receiver with phase rotators 



(57) A modulator/demodulator (MODEM) is 
equipped with rotation means (TROT) in its transmitting 
part (TP) and rotation means (RROT) in its receiving 
part (RP). To compensate for clock speed differences 
between the clocks of two communicating modems, the 
receive rotation means (RROT)- of one of them rotates 
the phase of received data carriers in proportion to their 
respective frequencies. Furthermore, to align transmit 
data symbols with received data symbols, the transmit 
rotation means (TROT) of one of the modems rotates 
the phase of the transmit data symbols. Thereto, the 



phase rotation applied to each carrier whereon the 
transmit data symbols are modulated, is proportional to 
the frequency of this carrier and to a phase difference 
measured between a received pilot carrier (PT) and an 
expected received pilot carrier (PT_E). When the rota- 
tion to be applied to a transmit data symbol corresponds 
to a time shift of half the length of one sample, a sample 
is duplicated or deleted in a transmit data symbol by 
transmit skip/stuff means (TSS). 
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Description 

The present invention relates to a transnnitter as 
described in the preamble of claim 1. a modula- 
tor/demodulator as described in the preamble of claim 5 
3. a communication system wherein such a modula- 
tor/demodulator is used as described in the preamble of 
claim 9. and a method to process digital transmit data in 
such a modulator/demodulator as described in the pre- 
amble of claim 10. 10 

Such a transmitter, modulator/demodulator, com- 
munication system and method are already known in 
the art. e.g. from the contribution to the ADSL Standard 
T1E1A with reference number TiE 1.4/93-025, written 
by John M. Cioffi and Po T long, and entitled 'VLSI is 
DMT Implementation for ADSL. Therein, an implemen- 
tation of a discrete multi tone (DMT) modulator/demod- 
ulator dedicated to be used in an Asymmetric Digital 
Subscriber Line (ADSL) environment is described. The 
DMT modem comprises a transmitting part and a 20 
receiving part, combined in what is called a central 
office ADSL transceiver on page 1 , and a remote termi- 
nal ADSL transceiver on page 2. As is seen from Fig. 1 
and Fig. 2 of the contribution, these transceivers include 
a digital signal processor. This digital signal processor 25 
(see page 5. paragraph 2.2 and Fig. 4. or see page 12 
paragraph 3.2 and Fig. 7) comprises modulation 
means, named a complex-to-reaMFFT (Inverse Fast 
Fourier Transformer), and demodulation means, named 
a real-to-complex FFT (Fast Fourier Transformer). As is 30 
seen e.g. from Fig. 4, the modulation means IFFT are 
coupled to a digital to analogue converter DAC. whilst 
the demodulation means FFT are preceded by an ana- 
logue to digital converter, not shown in Fig. 4 but for evi- 
dent reasons present. The analogue to digital converter 3S 
in the receiving part and the digital to analogue con- 
verter in the transmitting part may operate under control 
of one clock or different clocks which are synchronized. 
To cancel within received data symbols, called DMT 
symbols in the cited document, echoes of transmit data 40 
symbols, the transceiver in Fig. 4 further is provided 
with an echo canceller. If transmit data symbols and 
received data symbols are not aligned when entering 
the echo canceller, echo cancellation becomes rather 
complex since echoes of more than one transmit data 45 
symbol should then be cancelled within a received data 
symbol. 

This problem is known e.g. from another contribu- 
tion to the ADSL Standard, entitled 'Modification to 
DMT Synchronization Pattern Insertion'. This contribu- so 
tion with reference number Tl El .4/93-089 is written by 
John M. Cioffi and James T Aslanis. In paragraph 3 
thereof, it is recommended to adjust the symbol bound- 
aries of transmitted DMT symbols to coincide with the 
symbol boundaries of incoming DMT symbols. One of ss 
the arguments supporting this recommendation is that it 
can substantially reduce the complexity of echo cancel- 
lers (see page 4. lines 2 and 3). 



Misalignment of transmit data symbols and 
received data symbols occurs when two communicating 
modems are equipped with independent fixed clocks 
which control their analogue to digital and digital to ana- 
logue converters. Because of the difference between 
the clock periods of two fixed clocks, the boundaries of 
transmit data symbols and those of received data sym- 
bols will be in relative motion. The problem however not 
only arises when two communicating modems are 
equipped with fixed clocks but also exists if these 
modems make use of controllable clocks, e.g. voltage 
controlled crystal oscillators, whose clock periods can 
only be coarse tuned. 

An object of the present invention is to provide a 
transmitter, a modulator/demodulator, a communication 
system and a method of the above known type, but 
wherein transmit data symbols and received data sym- 
bols are aligned, and consequently wherein the com- 
plexity of echo cancellation is reduced. 

According to the invention, this object is achieved 
by the transmitter defined in claim 1. the modula- 
tor/demodulator described in claim 3, the communica- 
tion system described in claim 9 and the method 
described in claim 10. 

In this way by rotating the phase of the carriers 
whereon digital transmit data is modulated in proportion 
to their respective carrier frequencies, and by duplicat- 
ing or deleting samples in the transmit data symbols, 
these symbols are shifted forward or backward in time. 
Thus, boundaries of receive data symbols and transmit 
data symbols can be aligned. The phase rotation 
applied to the transmit data symbols will increase or 
decrease gradually for successive transmit data sym- 
bols since the misalignment between transmit data 
symbols and received data symbols changes gradually 
due to a clock speed difference between the clocks of 
two communicating modems. In a two dimensional vec- 
tor plane, the vectors representing the carriers of trans- 
mit data symbols are rotating when the vectors 
representing the carriers of received data symbols are 
fixed, and vice versa. This rotation is compensated for 
by the transmit rotation means. When the rotation to be 
applied by the transmit rotation means corresponds to a 
time shift of half a sample period at the transmitter, the 
skip/stuff means is activated to duplicate or to delete 
one sample in a transmit data symbol so that the rota- 
tion to be applied by the transmit rotation means again 
decreases by an equivalent amount. 

It is to be noticed that the present invention is not 
only dedicated to be used in echo cancelling environ- 
ments but also is very suitable for systems wherein 
upstream and downstream transmission takes place in 
separate time intervals. In such time division duplexing 
(TDD) systems, alignment of upstream and down- 
stream travelling symbols is recommended, as will be 
recognized by a person skilled in the art. Furthermore, 
also in multipoint-to-point systems wherein a central 
station broadcasts downstream information to a plurality 
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of terminals which'share the upstream capacity towards 
the central station via time division multiplexing (TDM), 
synchronisation of the upstream and downstream trav- 
elling packets may be recommended. 

In addition, a feature of the transmitter according to 
the present invention is that it further may be equipped 
with activation means as defined in claim 2. 

Irxieed, to align received and transmitted data sym- 
bols, it is sufficient that one of the transmitters of two 
communication modems is activated. The facility to acti- 
vate and de-activate the rotation means and skip/stuff 
means is therefore provided. Obviously, if one agrees in 
a particular system for instance that only remote termi- 
nal modems and not the central office transmitters have 
to be equipped with rotation and skip/stuff means, their 
is no need to de-activate these means. In such systems, 
the activation means are not required. 

An additional characteristic feature of the present 
invention is that the modulator/demodulator may also 
include receive rotation means and receive skip/stuff 
means. This feature is defined in claim 4. 

Hence, the clock speed differences between clocks 
of two communicating modems are also compensated 
for in received data symbols in a similar way as in the 
above cited contribution with reference number 
T1 El. 4/93-025. Since however the known receive rota- 
tion means and receive skip/stuff means have no influ- 
ence on the alignment of transmit and received symbols 
on the line, they cannot be used' to synchronise transmit 
and received data symbols. 

A characteristic feature of the present modula- 
tor/demodulator is that it also may be equipped with 
activation means as defined by claim 5. 

IrxJeed, as already mentioned above, when two 
communicating modems are both equipped with rotat- 
ing means and skip/stuff means in their respective 
transmitting and receiving parts, these means should 
be activated in one of the modems and be de-activated 
in the second one. 

Yet another feature of the modulator/demodulator 
according to the present invention, is that it further 
includes communication means ard decision means as 
described in claim 6. 

In this way a communication between two con- 
nected modems can be set up at initialization of the sys- 
tem to decide in which modem the rotating means and 
the skip/stuff means will be activated. Different decision 
criteria can be used by the decision means. A first pos- 
sible strategy might be based on the rule that the central 
office modem always acts as the master of the remote 
terminal modem. Thus, the remote terminal will have to 
activate its rotating and skip/stuff means to adapt its 
received data symbols and transmit data symbols in 
accordance to the central office clock. A second strat- 
egy might be that the central office modem slaves to the 
remote terminal modem and therefore activates its rota- 
tion means and skip/stuff means. 

Furthermore, a characteristic feature of the present 



modulator/demodulator is that a is equipped with phase 
difference measurement means as described in claim 7. 

The measured phase difference between the 
received pilot tone and expected received pilot tone 

5 serves as a measure for the phase rotation that has to 
be applied to the transmit data carriers. In fact, this 
phase difference variation is a measure for the clock 
speed difference between the clocks of the two commu- 
nicating modems. It is however evident that any other 

10 estimate of the clock speed difference and means exe- 
cuting this estimate may replace the phase difference 
measurement means. 

Still a feature of the present modulator/demodulator 
is that the phase difference measurement means also 

15 controls the receive rotation means and skip/stuff 
means, as defined by claim 8. 

In this way, the phase rotation applied to the 
received data symbols can also be made proportional to 
the measured phase difference. 

20 The above mentioned and other objects and fea- 
tures of the invention will become more apparent and 
the invention itself will be best urxlerstood by referring to 
the following description of an embodiment taken in 
conjunction with the accompanying drawings wherein: 

25 

Fig. 1 represents a functional block scheme of an 
embodiment of the modulator/demodulator 
MODEM according to the present invention; and 
Fig. 2 represents a block scheme of an embodi- 
30 ment of a communication system including two 
modulator/demodulators. MODEM1 and MODEM2. 
according to the present invention. 

The modulator/demodulator MODEM in Fig. 1 

35 includes a transmitting part TP and a receiving part RP. 
The transmitting part TP comprises a serial to parallel 
converter SP. a mapper MAP. a transmit rotation means 
TROT, an inverse fast fourier transformer IFFT, a cyclic 
prefix extender CPEX, a transmit skip/stuff means TSS, 

40 a parallel to serial converter PS and a digital to ana- 
logue converter DA. The receiving part RP comprises 
an analogue to digital converter AD. a time domain 
equaliser TEQ. a serial to parallel converter SP'. a 
receive skip/stuff means RSS. a cyclic prefix eraser 

45 CPER, a fast fourier transformer FFT. a frequency 
domain equalizer FEQ. a receive rotation means RROT. 
a demapper DMAP. and a parallel to serial converter 
PS'. It is noticed that the order of the receive rotation 
means RROT and frequency domain equalizer FEQ 

50 might be reversed, and the time domain equalizer TEQ 
might be missing. The modulator/demodulator MODEM 
further is provided with an analogue front end AFE, a 
hybrid means H. a communication means COM. a deci- 
sion means DEC. an activation means ACT. a phase 

55 locked loop PLL and a clock CLK. 

In the transmitting part TP, the serial to parallel con- 
verter SP. the mapper MAP. the transmit rotation means 
TROT, the inverse fast fourier transformer IFFT. the 
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cyclic prefix extender CPEX. the transmit skip/stuff 
means TSS. the parallel to serial converter PS and the 
digital to analogue converter DA are cascade con- 
nected between a digital data input D and an analogue . 
signal output S. The analogue signal output S is cou- 5 
pled to a transmission line L via the analogue front end 
AFE and hybrid means H. Via this hybrid means H and 
the analogue front end AFE. the transmission line L is 
also coupled to an analogue signal input S' of the 
receiving part RP. Inside the receiving part RP. the ana- 70 
!ogue to digital converter AD. the time domain equaliser 
TEQ, the serial to parallel converter SP*. the receive 
skip/stuff means RSS. the cyclic prefix eraser CPER, 
the fast fourier transformer FFT. the frequency domain 
equalizer FEQ. the receive rotation means RROT. the 75 
demapper DMAP and the parallel to serial converter 
PS' are series connected between the analogue signal 
input S' and a digital data output D', An output of the 
receive rotation means RROT Is also coupled to a pilot 
tone input PT of the phase locked loop PLL, a second 20 
input of which, called an expected pilot tone input PT_E, 
is coupled to an expected pilot tone generator not 
shown in Fig. 1. Output links of the phase locked loop 
PLL are connected to control inputs of the transmit rota- 
tion means TROT, the transmit skip/stuff means TSS. 25 
the receive rotation means RROT and the receive 
skip/stuff means RSS respectively. Via a bi-directional 
link, the communication means COM is coupled to the 
analogue front end AFE. In Fig. 1. this bi-directional link 
is represented by a single line directly Interconnecting 30 
the communication means COM and the analogue front 
end AFE. A person skilled in the art will recognize that 
in a more realistic implementation of the modem 
MODEM, an output of the communication means COM 
serves as an additional input for the transmitting part TP 35 
and an input of the communication means COM is con- 
nected to an additional output of the receiving part RP. 
In other words, the communication means COM is not 
directly connected to the analogue front end AFE but 
communicates with this analogue front end AFE via the 40 
receiving part RP and transmitting part TP of the 
modem MODEM. In addition, a terminal of the commu- 
nication means COM and a terminal of the decision 
means DEC are bi-directionally interconnected, and an 
output of the decision means DEC is coupled to an input 45 
of the activation means ACT The activation means ACT 
has a plurality of outgoing connections, to the transmit 
rotation means TROT and transmit skip/stuff means 
TSS, to the receive rotation means RROT and receive 
skip/stuff means RSS respectively An output of the 50 
clock CLK is connected to clock inputs of both the digital 
to analogue converter DA and analogue to digital con- 
verter AD. The clock CLK In Fig. 1 is supposed to be a 
fixed clock or a voltage controlled oscillator for coarse 
tuning of the clock period. 55 

As is seen from Fig. 2, the communication system 
drawn therein includes a first modulator/demodulator 
MODEM 1 which forms part of a central office CO, and a 
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second modulator/demodulator M0DEM2 which forms 
part of a remote terminal RT Both modems. MODEMi 
and M0DEM2. are coupled via a transmission line TL 
In the following paragraphs, the working of the com- 
munication system drawn in Fig. 2 will be described in 
detail. Thereto, it will be supposed that both modems. 
MODEMI and M0DEM2. are of the type of the modula- 
tor/demodulator MODEM shown in Fig. 1. First, the 
working of the different functional blocks will be 
described, supposing that the transmit rotation means 
TROT the transmit skip/stuff means TSS. the receive 
rotation means RROT and the receive skip/stuff means 
RSS are de-activated in the modem M0DEM2 of the 
remote terminal RT as well as in the modem MODEM 1 
of the central office CO. From the description of the 
working, it will be clear to a person skilled in the art how 
to implement the different functional blocks drawn in 
Fig. 1 . In a second phase, the transmit rotation means 
TROT, transmit skip/stuff means TSS. receive rotation 
means RROT and receive skip/stuff means RSS in the 
modem M0DEM2 of the remote terminal RT will be acti- 
vated and the functionality of these blocks will be 
described. 

The transmission line TL In Fig. 2 represents a 
twisted pair telephone line. One development allowing 
to bring information via such a telephone line to the peo- 
ples home and supporting a dedicated back channel 
from the home to the central office is called Asymmetric 
Digital Subscriber Line (ADSL). Therein. Discrete Muiti 
Tone (DMT) modulation is used to modulate digital infor- 
mation on a set of carriers with equidistant frequencies. 
Although this is no restriction to the applicability of the 
present invention, it is supposed that the central office 
CO and remote terminal RT of Fig. 2 are equipped with 
Discrete Multi Tone (DMT) modems, MODEMI and 
MODEM2 respectively, similar to the modem MODEM 
drawn In Fig. 1. According to the ANSI Standard on 
ADSL, entitled 'Asymmetric Digital Subscriber Line 
(ADSL) Metallic Interface Specification', published by 
the American National Standards Institute, Inc. (ANSI) 
in April 1994. the upstream and downstream channels 
may be separated by frequency division multiplexing 
(FDM) or by echo canceling. It is to be remarked that the 
approved version of the above ANSI Standard on ADSL 
is referred to as ANSI T1.413 and is entitled 'Network 
and Customer Installation Interfaces, Asymmetric Dig- 
ital Subscriber Line (ADSL) Metallic Interface'. Alterna- 
tively, time division duplexing (TDD) could be used. 
When opting for the echo canceling or time division 
duplexing (TDD) technique, some or all carriers may be 
used for modulation of data thereon in the upstream 
direction as well as in the downstream direction. The 
present invention is more useful in echo cancelling and 
TDD (Time Division Duplexing) environments although 
its application is not excluded in FDM (Frequency Divi- 
sion Multiplexing) systems. Although not shown in Fig. 
1 , the modulator/demodulator MODEM is supposed to 
be equipped with an echo canceller between its trans- 
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mitting part TP and receiving part RP 

Next paragfaphs are focused on the structure and 
functioning of the modem M0DEM2 in the remote ter- 
minal RT. It IS supposed that this modem M0DEM2 is of 

TrSt »^ T ^«-3«'^ates the transmit rotation means 
TROT, the transmit skip/stuff means TSS the receive 

Rs?^n ::t ^t"' ^^^-^ Skip/stuff me::: 

RSS. In upstream direction, i.e. in the direction from thl 
remote terminal RT ,o the central office CO MODem? 
modulates digital data D on a set of carriers each one 
being modulated by QAM (Quadrature Amplitude mc^ 
ulation) modulation. Obviously, other mc^ulatS, 

wNcrir/"".'"° "^^ ^'9"-' data s^ear^ D 

bv hp I T '""""""^ °' parallelised ,5 

thPn !n f '° SP. The mapper MAP 

then allocates to each one of the carriers a dedicated 
amount of bits to be modulated thereon. TheseS^Srlm 
suThTfth ''"r"*^ into account parameters 

on each carS"ot;° - 
It!^? T ! °'^^'°"sly. a carrier which is less atten- 
uated by the line Is allowed to carry more bits than a 
h gh attenuated or disturbed carrier. As a result three 
bits wi, for instance be modulated by 8 QAM modulat on 

by 512 QAM mS' f r'' '"^'^"^^ '^^ 

an Z?J: "^'^"'^^'O" the second carrier, and so 

bols^By the inverse fast fourier transformer, these DMT 

dra^rrf'^r'^''^''^^-^^-^ 

each DMT ! ^'^'"^ ^""""^"^ ^''^^ '^^^ ^'rtends 30 
each DMT symbol with a fixed length prefix to preven- 

and ir^tercarner interference due to transmission ovj 
the telephone line TL. Successive DMT symbols are 
then serialised by the parallel to serial converter PS and 3, 
converted into an analogue signal S^y the ^IglteMo 
analogue converter DA. ^ ° 

fion 1" °PP°='te direction, i.e. the downstream direc- 
hon f^om the central office CO towards the remote tj^- 

demodulated by the receiving part RP thereof and con- 

na S il? vt^'" ^'9"^' analogue^ 

?o L1:P to digital converter AD 

To compensate for intersymbol interference on Vhe 

t"e ecj:!" T ^'-'-^ '"ters « 

uted to Shorten the length of the transmission line 
impulse response. Successive samples in the digitisS 
St earn that belong to the same DMT symbol are S 
lel^ed by the serial to parallel converter SP'. TheS so 
pr^jx IS erased from the DMT symbols in the cy4 pre 

or FFT .rfr- '"^ transformToces 
sor FFT transforms the time domain DMT symbols into 

r«,uency domain DMT symbols. The demapper DmaP 
and'SAM ^°"=tellations of the different carers ^5 

the exa« n T^^'f '^"''^^ 'o obtin 

the exact number of bits therefrom. Via the parallel o 
serial converter PS •. the demodulated bits are^en slri 
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alised and applied to the digital data output D' of the 
receiving part RP. ^' » ui me 

The analogue front end APE and hybrid means H 
convert and condition the signals. S and S ', toTnd ^rom 
the transmission line. Front-end filtering and transmir 
S|on line coupling for instance are performed STe 
app^priate levels of linearity and noise. Plain analogue 
telephone signals transmitted in the lower frequency 

pr~herr '-'^'^^ ^ ^"«- 

MOD^M^'^'f constituting the DMT modem 

MOpEM2 will not be described in further detail in this 
application since such detail ^^,r^„lrl k» ■ 
resnerf aetaiis would be irrelevant with 
respect to the present invention. For more details about 

Jriln t ^'^"'"^'^^^ System with Coded Modulation- 

tZ.^; '^^^'C^""^ '993 of the Journal of European 
T'fs^ct,ons on Telecommunications and Related T!ch 
nolog.es (ETTJ. pages 257.266, and to the aS Sr- 
formance Evaluation of a Multichannel Tr^sceiver 
fy f'- orADSL and VHDSL Services' from Peter s 
Chow et a/. , published in the issue Nr. 6. August 1991 of 
the Journal Of European Transactions on Telecommun 
cat^ns and Related Technologies (ETTJ^p^Zlol 

a simirtt""?? Office CO, 
a similar structure can be described. The workino 
«iereo m up- and downstream direction is '0^^ 
«,uivalent to that of the DMT modem M0DEM2^n the 
remote terminal RT Only the clock that is useJ in th^ 

verTeTD°A L?d''° ? ""'^'^ '° ^^'^^^ -n 

em from fhpl J^^"^ '° is differ- 

alum^ J "'^ '""^ '^^'"'■"al RT. It is 

to^ioTt?. i ■ ' ^^""^ the analogue 

A^te^nlr , '""^ ^'9ital to analogue converter 

Alternatively. ,n each modem, the analogue to digital 
converter clock could be derived from the digitaV to a^a 
ogue converter clock or vice versa. As a r^uft 
sam^ZT'' do-nstream travelling DMT symboirare 
DMT Inlf At transmission, upstream traveling 
DMT symbols are sampled under control of the remote 
terminal clock, whilst downstream traveling DMT sym- 

c ock. When arriving at the remote terminal RT down- 

troroM.""' """^ '^'^''^'^ ^'"P'^^ -der con- 
trol of the remote terminal dock which is slower or faster 
than the central office clock. The same holds for the 
upstream traveling DMT symbols when sampled at the 
central office CO. Without further actions, the^^ceiJ^ 
wouL r T '^"^^'^ '°° °' '°° This 
rota , on of the received QAM modulated symbols 
Therefore. ,n the following paragraph, i, is supposed that 
the activation means ACT In the remote terminal RT 
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25 



activates the receive rotation rr,ear.s BROT and the 
receive skip/stuH means RSS. 

The sample clock speed difference is compensated 

=rTacli.al«l According again to Ihe earlier cited ADSL 
|«Sa d one o. Itre carriers ol DMT syrnbols re 

hp received PT E. The resulting phase difference varia 
Son is a measure for the clock speed difference 

/ rar,^;:™S^erapJse,,tatlspro,x.r.lon^^^^ 

.. . __Jerence in clock speeas. i nu ^^^^^ 

ssr:r.s^Sn\:°Jtr;rs:i^^^^^^^^^ 
r£ire«.i:r:e°^=-HB 

■ a receive rotation means such as RROT ana a 

.,ar/y ,n paragrap>. 2.2. 7. 2.2.3 and F.g. ^ to^'^^j^^^^^; 
' office modem, and in paragraph 3.2. 7. 3.2.8 and hq. 

L for the remote terminal modem. rii«prences 
Besides compensation for clock speed *«erences 
in received DMT symbols, it is also recommerKled to 
align upsteam and downstream travelling DMT sym^ 
to reduce the complexity of echo cancelling To 



align the transmitted DMT symbols, w-th the received 
fymbols. the transmitted symbols have to be proc- 
e^ed before apply-ng them to the transmission line TL. 
Scl ?Ns alignment implies a shift in time, fon^ard or 
Sard ar^ a rotation in phase which is proportions 
to ht Clock speed difference between remote terminal 
RT and central office CO and in proportion to the fre- 
quency of the respective carrier, the Process'"9 
again be performed by a rotation means and sMstu« 
t«n^ In Fia 1 the transmit rotation means TROT and 
Ssmit Ski /stu« means TSS are included J^-^^^^^^ 
vwhen activated by the activation means ACT the trans 
miUotSon mlnlVROT and transmit skip/stuff means 
?SS of he remote terminal RT will apply P^^ase rc^a^ 
Ions to L different carriers whereon the transmit data 
D^e modulated so that the transrnit DMT syn^bc.^^^^^^ S 
•.♦..oiiw aiinned with the received DMT symbols tn 
l a rel an TL Samples ot the transmit. 

fe;S:^.sared*l.^»^^^^^^^ 

"o^Tl-rSfrUes nal. a sampte 

initialisation. Thereo. the /"""f 
MODEM, sends .onnaance «e .0 1 ^^^^ 

terminal modem "°°^'lt™%^^„e dock. Next it 

remoteterminalRT.are^uW^^^ ^^^^^ ^SS, 

tion means .^ROT^ t^ansmt p 
receive rota.on means RROT and^^^ 

^e^^ef a^ra^gn uPStre^-^^R" 

"^.^tS re'^bHSvat^ in orone of the 
RSS and TSS_^^ve W be ^^.^ ^^^^^^ 

two MODEM2 include commu- 

the 'modems MODE^ and ^^^^^ 

"■'^.r^n^MODEMa to communicate at initialisa- 
r me system upon this initial communication, the 
tion of the systefTv up mODEMI and 

RSS and . J"^^";roT RSS and TSS. Th.s deci- 
these means^ /^°Vn several criteria, as already indi- 
sion might be based on seve a ^^^^^ 
cated in the above introductory Pa^t 
that the oresent invention is not restnctea lo a 
^ decision criterion used by the decision means DEC 
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dpJ remarked that, although the above 

descnbed embodiment of a modulator/demoduJor 
accord,ng to the present invention, is used in an ADSL 
envTonment. the present invention is not rZZj^ 
i^ere o. ,s cear to a person skilled in the art that mfnS , 
mod.f, cations of the described embodiment allow it to be 
ravSce? " bi-directlona 
bTa lionet ? Z '^ave to 

dL , '^^^^ constituted by digital 

data modulated on at least one carrier the presen 
invention is applicable. present ,o 

in tht 'oh!;^' 'T^'^ ^"^°"9^^ data symbols 

overa,?°? T''-^ ^^^'^'^''^^nt are transported 

.°?e;;rrn°orr s^?^^^^^^ 

via ^Juhir■^> w *he transmission medium rs 

connSj'on bit' »^^"^P°^t«i- particular, on any 

optical connection. a'::fel.L%:;^^^^^^^ 

and th s may be realised by the present invention. 

art ^■Tb. T^; " ^ P«^^" sailed in the 

art w. I be able to adapt the above described embodi- 

whtJ" DWM?':n'° ' " ^^^"■^'^'^ *° 
wnerein DWMT (Discrete Wavelet Multi Tone) modula 

u^^'heln r ^"'t' Tone) mciSn is 

used. Therein, the above mentioned fourier transformer 
transformer are replaced by f lTer 
banks and wavelet transformers. ^ °y ""er 

^""'^^^^ '^""^'^ tf^e modulation type is 
also irrelevant with respect to applicability of the oresem 
mven onjn the above describS^embo^Lird^a^rare 
Tn!^.^" ^^"^°d"'ated from the set of carrie s 
via QAM (Quadrature Amplitude Modulation) ^c^l 
ton and demodulation respectively. Alternattnther' 
modu^tion techniques such as phase modulation may 

stream??' '^T"" "P^'^^a-^ ^nd down- 

stream data symbols may be aligned entirely by the 4o 

SS, bry ° li''" The alignment may 

a so be realised partially at each side, for instance 50% 

:rRr ^° -''^ ^» 

desc!^'b!S.r °' ''^^ '"^^"""^ ^^ave been 

ifi^ o i'" -'th specific apparatus 

mIL ='«arly understood that this description fs 

thfsco°o? Of m"'' °' "'"^'^ - ^ "-'tSon on 

ine scx»pe of the invention 

so 

Claims 

' ■ mirdTinT ^''''^ '° '"P"^ °^ ^'9'^^' trans- 
mit data (D) are applied to generate therefrom an 55 
analogue transmit signal (S), 

said transmitter (TP) including: 
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ai. modulation means (MAP. ifft) adaoted to 
modulate said digital transmit data (D) o^l° 
'east one transmit data carrier to he eby con 
stitute transmit data symbols. ^ 

adanL'i'^*'^' *° converter (DA) 

siona I sL^r^*- ^"^^^ ''^^ =°"tr°' o' a clock 

analoL. ? ""^'^ "^^^^^'^ '"to said 

analogue transmit signal (S); and 

Clock s-gS ^"'-'^ '^^^'^ '° generate sa^ 

(TP,JtSt:pis:sr^'-^ 

rolaJ ?hT"r^"°" '""^"^ (■^"O'H adapted to 
iata car",;' °' ^t least one transmit 

rIS fre^ulnV ''T''^" '° car- 
Tier Trequency; and 

a5^ transmit skip/stuff means (TSS). coupled 

and said digital to analogue conver er (DA) and 
adapted ,0 duplicate and to delete sampleJ in 
said transmit data symbols. 

A transmitter (TP) according to claim 1. character- 
.^ed in that said transmitter (TP) further includes 

aS^activation means (ACT) adapted to activate 

rTRr^^ ^^"^ ^°»^t'°" '"eans 

(TSS) ""^P^stuff means 

A modulator/demodulator (MODEM) comprising: 

a. a transmitting part (TP) to an input of which 
digital transmit data (D) are applied to generate 
therefrom an analogue transmit signal (S)- 
b^a receiving port (RP) to an input of which an 
analogue received signal (SO is applied to be 
transformed into digital received data (D V and 

at least one clock signal. 

said transmitting part (TP) including: 

a1. modulation means (MAP iFFT) 
adapted to modulate said digital'transmit 
data (D) on at least one transmit data ear- 
ner to thereby constitute transmit data 
symbols; and 

a2. a digital to analogue converter (DA) 
adapted to convert, under the control of a 
clock Signal of said at least one clock sig- 
nal, said transmit data symbols into said 
analogue transmit signal (S), 

and said receiving part (RP) includ- 
ing: 

b1^ an analogue to digital converter 
(AD) adapted to convert, under the 
control of a clock signal of said at least 
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8. 



one clcxk signal, said analogue 
received signal (ST into rece.ved data 
symbols modulated on at least one 
received data carrier , and 
b2 demodulation means (FFT. 5 
DMAP), coupled to said analogue to 
digital converter (AD) and adapted to 
demodulate said received data sym- 
bols to thereby generate said d.grtal 
received data (DO . 

characterised in that said transmit- 
ting part (TP) further is equipped w.th: 
a3 transmit rotation means (TROD 
adapted to rotate the phase of said at least 
one transmit data carrier in proportion to its 
respective carrier frequency: and • 
a4 transmit skip/stuH means (TSS). cou 
pled between said modulation means 
(MAP IFFT) and said digital to analogue 
converter (i)A) and adapted to dup Uca^e 
and to delete samples in said transmit data 
symbols. 

A modulator/demodulator (MODEM) according to 
claTm S Characterised in that said rece.v.ng part 
(RP) further is equipped with: 

b3 receive rotation means (RROT) adapted to 
rota^^ the phase of said at 'east one rec:e.v^ 
carrier in proportion to its respective carrier fre 

r S^^sKip/stuff means (RSS). adapt^ to 
duplicate and to delete samples m said 
received data symbols. 

claim 4 characterised m that saia nw 
tor/demodulalor (MODEM) further includes: 

d activation means (ACT) adapted to activ^e 
and to de-activate said transmit rotation rneans 
^TROT^ said transmit skip/stuff means (TSS). 
Kce"^ rotation means (RROT) and said 
receive skip/stuff means (RSS). 

6 A modulator/demodulator (MODEM) ac^^^^ing U) 
claim 5, characterized in that said modu^ 
Smodulator (MODEM) further is provided with. 

e communication means (COM), adapted to 
communicate via a transmission line L) with a 
second but similarm^^ato^^^^^^^^^ 
f decision means (DEC) conneciea uc 
said communication means (CO^ and said 55 
activation means (ACT) and adapted to deade. 
based on information received from said sec 
ond modulator/demodulator via said commun.- 
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cation means (COM) whether said activation 
means (ACT) has to activate or de-activate 
TaTr^eans (IrOT TSS, RROT. RSS) coupled 
thereto. 



25 



30 



A modulator/demodulator (MODEM) accordmg to 
claTrTs characterized in that said modula- 
tor/demodulator (MODEM) further includes: 

n a phase difference measurement means 
fPLL) adapted to measure a phase difference 
be^ieen a received pilot carrier (P^ and an 
expected received pilot carrier (PT_E). and to 
generate, based on said phase difference, sig- 
nals to control said transmit rotation means 
JtROT) and said transmit skip/stuff means 
(TSS). 

A modulator/demodulator (^0°^^^) ^"^^^l^tS 
Sal 4 and claim 7. ct^-racteriz^ m that said 
Dhase difference measurement means (FLU) tur 
Sir i adapted to generate, based on said phase 

(RSS). 

A communication system comprising a first modula- 
tor/demodulator (MODEMI) a se^d^^^^^^^^ 

SmSdImI) modulator/demodulator each compns- 



a. a transmitting part (TP) to an -P"t °^ -J^^f^ 
digital transmit data (D) are aPP"^^° 
therefrom an analogue transmit s gnal (S) to 
applied to said transm^^^^^^^^ ^ne W,^^ ^^^^ 

USrs^aXanfmr^^^^^^ a" ana- 
SS^e^eived signal (S) is to be transformed 

into digital --f t^fli^adapt^ to generate 
c. at least one clock (CLK) adaptea lu y 

at least one clock signal. 

said transmitting part (TP) including. 

an modulation means (MAP, IFFT) 
adapted to modulate said diQ'ta. transm 
data (D) on at least one transmit data car 
S^o thereby constitute transmit data 

rfdigU? to analogue converter (DA) 
adapted to convert, under the control of a 
ctock Jgnal of said at least one clock s.g^ 
nal sJS transmit data symbols into said 
analogue transmit signal (S) 

and said receiving part (RP) 'nciuo 
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ing: 

-« 

b"i. an analogue to digital converter 
(AO) adapted to convert, under the 
control of a clock signal of said at least 5 
one clock signal, said analogue 
received signal (S) into received data 
symbols modulated on at least one 
received data carrier; and 
b2. demodulation means (FFT. io 
□MAP), coupled to said analogue to 
digital converter (AD) and adapted to 
demodulate said received data sym- 
bols to thereby generate said digital 
received data (D). is 

characterised in that said transmit- 
ting part (TP) of at least one of said first 
(MODEM1) and said second (MODEM2) 
modulator/demodulators further is 
equipped with: 

a3- transmit rotation means (TROT) 
adapted to rotate the phase of said at least 
one transmit data carrier in proportion to its 
respective carrier frequency; and 
a4. transmit skip/stuff means (TSS). cou- 
pled between said modulation means 
(MAP, IFFT) and said digital to analogue 
converter (DA) and adapted to duplicate 
and to delete samples in said transmit data 
symbols. 

10. A method to process digital transmit data (D) for 
being transmitted over a transmission line (L), said 
method comprising the steps of: 35 

a. receiving a received pilot carrier (PT) form- 
ing part of an analogue received signal {S); 

b. measuring a phase difference between said 
received pilot carrier (PT) and an expected 
received pilot carrier (PT_E); 

c. phase rotating transmit data carriers in pro- 
portion to their respective frequencies and in 
proportion to said phase difference: 

d. modulating said digital transmit data (D) on 45 
said transmit data carriers thereby constituting 
transmit data symbols; 

e. duplicating or deleting samples in said trans- 
mit data symbols; 

f. converting said transmit data symbols into an so 
analogue transmit signal (S); and 

g. applying said analogue transmit signal (S) to 
said transmission line (L). 
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